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(57) ABSTRACT

A powertrain system is configured to transfer propulsion
torque to a driveline of a vehicle. A method for controlling the
powertrain system includes determining a magnitude of unin-
tended vehicle motion based upon a difference between a
change in actual vehicle acceleration and a change in an
operator-intended vehicle acceleration. Propulsion torque to
the driveline is limited when a fault associated with unin-
tended vehicle motion is detected and the magnitude of unin-
tended vehicle motion is less than a predetermined first
threshold.

19 Claims, 3 Drawing Sheets
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1
METHOD AND APPARATUS FOR
MONITORING UNINTENDED VEHICLE
MOTION

TECHNICAL FIELD

This disclosure is related to controls for vehicle powertrain
systems.

BACKGROUND

The statements in this section merely provide background
information related to the present disclosure. Accordingly,
such statements are not intended to constitute an admission of
prior art.

A potential torque security fault can cause a motion hazard
wherein unintended vehicle motion deviates from an
expected level by a magnitude that is greater than a threshold
level of vehicle acceleration. Known vehicle control systems
employ protections for fault detection and remediation to
prevent occurrences of unintended vehicle motion, including
removing propulsion from vehicle drive axle(s). A false posi-
tive torque security fault detection can cause an unnecessary
vehicle disablement.

SUMMARY

A powertrain system is configured to transfer propulsion
torque to a driveline of a vehicle. A method for controlling the
powertrain system includes determining a magnitude of unin-
tended vehicle motion based upon a difference between a
change in actual vehicle acceleration and a change in an
operator-intended vehicle acceleration. Propulsion torque to
the driveline is limited when a fault associated with unin-
tended vehicle motion is detected and the magnitude of unin-
tended vehicle motion is less than a predetermined first
threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

One or more embodiments will now be described, by way
of' example, with reference to the accompanying drawings, in
which:

FIG. 1 illustrates a vehicle including a multi-mode power-
train system coupled to a driveline and controlled by a control
system, in accordance with the disclosure;

FIG. 2 illustrates a torque monitoring control routine for
controlling and monitoring operation of an embodiment of
the multi-mode powertrain system, in accordance with the
disclosure;

FIG. 3 illustrates a control scheme employing motion
detection logic for detecting unintended vehicle motion, in
accordance with the disclosure; and

FIG. 4 illustrates operation of a vehicle employing an
embodiment of a control scheme to detect unintended vehicle
motion, in accordance with the disclosure.

DETAILED DESCRIPTION

Referring now to the drawings, wherein the showings are
for the purpose of illustrating certain exemplary embodi-
ments only and not for the purpose of limiting the same, FI1G.
1 illustrates a vehicle 100 including a powertrain system 20
coupled to a driveline 60 and controlled by a control system
10. The powertrain system 20 employs multiple torque-gen-
erative devices, including an internal combustion engine (en-
gine) 40 and first and second electrically-powered torque
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2

machines 35 and 36, respectively, that are configured to trans-
fer propulsion torque to a driveline 60 via a transmission 50
that operates in one of a plurality of selectable fixed gear and
electrically-variable modes. The concepts described herein
can be applied to other powertrain configurations, including
powertrain systems employing a single torque-generative
device and powertrain systems employing multiple torque-
generative devices, including a powertrain configuration that
includes a single electrically-powered torque machine
arranged in series with the engine and transmission. Like
numerals refer to like elements throughout the description.

The powertrain system 20 employs communications paths
55, mechanical power paths 57, and high-voltage electric
power paths 59. The mechanical power paths 57 mechani-
cally couple elements that generate, use, and/or transfer
torque, including the engine 40, the first and second torque
machines 35, 36, transmission 50 and driveline 60. The high-
voltage electric power paths 59 electrically connect elements
that generate, use, and/or transfer high-voltage electric
power, including the energy storage system 25, an inverter
module 30, and the first and second torque machines 35, 36.
The high-voltage electric power paths 59 include a high-
voltage electrical power bus 29. The communications path 55
includes high-speed data transfer lines to effect communica-
tions between various elements of the vehicle, and may
include one or more of a direct connection, a local area
network bus, a serial peripheral interface bus, and a high-
speed communications bus 18.

The engine 40 is preferably a multi-cylinder direct fuel
injection internal combustion engine that converts fuel to
mechanical power through a combustion process. The engine
40 is equipped with a plurality of sensing devices and actua-
tors configured to monitor operation and deliver fuel to form
a combustion charge to generate torque. Engine sensing
devices preferably include a crank position sensor 41 for
monitoring rotational position and speed.

The transmission 50 preferably includes one or more dif-
ferential gear sets and controllable clutch components to
effect torque transfer over a range of speeds between the
engine 40, the first and second torque machines 35, 36, and an
output member 62 that couples to the driveline 60. In one
embodiment the transmission 50 is a two-mode transmission
device configurable to transfer torque in one of an input-split
mode and a compound-split mode. Mechanical power origi-
nating in the engine 40 may be transferred via an input mem-
ber 42 to the first torque machine 35 and to the output member
62 via the transmission 50. Mechanical power originating in
the first torque machine 35 may be transferred to the engine
40 via the transmission 50 and the input member 42, and may
be transferred to the output member 62 via the transmission
50. Mechanical power originating in the second torque
machine 36 may be transferred via the transmission 50 to the
output member 62. Mechanical power may be transferred
between the transmission 50 and the driveline 60 via the
output member 62. Operating parameters associated with
mechanical power transfer include power between the engine
40 via the transmission 50 indicated by input torque and input
speed, and power between the transmission 50 and the driv-
eline 60 indicated by output torque and output speed. The
driveline 60 may include a differential gear device 65 that
mechanically couples to an axle 64 or half-shaft that
mechanically couples to a ground-engaging drive wheel 66 in
one embodiment. The differential gear device 65 is coupled to
the output member 62 of the powertrain system 20. The
driveline 60 transfers propulsion power between the trans-
mission 50 and a road surface. An input speed sensor 51
monitors rotation of the input member 42 and a vehicle speed



US 9,126,592 B2

3

sensor 61 is configured to monitor rotation of the output
member 62 to provide data including rotational position,
speed, and direction of rotation to the control system 10. The
data from the vehicle speed sensor 61 is employed to deter-
mine a magnitude and direction of vehicle speed and vehicle
acceleration in one embodiment.

The first and second torque machines 35, 36 preferably
include multi-phase electric motor/generators electrically
connected to the inverter module 30 that is configured to
convert stored electric energy to mechanical power and con-
vert mechanical power to electric energy that may be stored in
the energy storage system 25. The first and second torque
machines 35, 36 have limitations in power outputs in the form
of minimum and maximum torques and rotational speeds.

The inverter module 30 includes first and second inverters
32 and 33 that electrically connect to the first and second
torque machines 35, 36, respectively. The first and second
torque machines 35, 36 interact with the respective first and
second inverters 32 and 33 to convert stored electric energy to
mechanical power and convert mechanical power to electric
energy that may be stored in the energy storage system 25.
The energy storage system 25 may be any suitable energy
storage system, for example a plurality of electrical cells,
ultracapacitors, and other suitable devices configured to store
electric energy on-vehicle. One exemplary energy storage
system 25 is a high-voltage battery fabricated from a plurality
of lithium-ion cells. Further references to energy storage sys-
tem 25 will be as battery 25. In one embodiment, an external
connector 26 electrically connects to the battery 25 and is
connectable to an external AC power source to provide elec-
tric power for charging the battery 25 during vehicle static
periods.

The control system 10 includes a control module 12 that
signally connects to an operator interface 13 and includes a
plurality of control routines for controlling operation of the
powertrain system 20, including a torque monitoring control
routine 11. The operator interface 13 includes a plurality of
human/machine interface devices through which the vehicle
operator commands and controls operation of the vehicle,
including an operator acceleration request via an accelerator
pedal 17, an operator braking request via a brake pedal 16, a
transmission range, preferably selected viaa PRNDL lever 15
or another suitable device, a vehicle speed request, e.g.,
through a cruise control system 14, and vehicle operation
control via an ignition key. Although the control module 12
and operator interface 13 are shown as individual discrete
elements, such illustration is for ease of description. The
functions described as being performed by the control mod-
ule 12 may be combined into one or more devices, e.g.,
implemented in software, hardware, and/or application-spe-
cific integrated circuitry (ASIC) and ancillary circuits that are
separate and distinct from the control module 12. Information
transfer to and from the control module 12 may be accom-
plished using the communications paths 55, including, e.g.,
communications bus 18. The control module 12 preferably
signally and operatively connects to individual elements of
the powertrain system 20 via the communications bus 18. The
control module 12 signally and/or operatively connects to the
sensing devices of each of the battery 25, the inverter module
30, the first and second torque machines 35, 36, the engine 40,
and the transmission 50 to monitor and control operation and
determine parameters thereof.

Control module, module, control, controller, control unit,
processor and similar terms mean any one or various combi-
nations of one or more of Application Specific Integrated
Circuit(s) (ASIC), electronic circuit(s), central processing
unit(s) (preferably microprocessor(s)) and associated
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memory and storage (read only, programmable read only,
random access, hard drive, etc.) executing one or more soft-
ware or firmware programs or routines, combinational logic
circuit(s), input/output circuit(s) and devices, appropriate sig-
nal conditioning and buffer circuitry, and other components
to provide the described functionality. Software, firmware,
programs, instructions, routines, code, algorithms and similar
terms mean any instruction sets including calibrations and
look-up tables. The control module has a set of control rou-
tines executed to provide the desired functions. Routines are
executed, such as by a central processing unit, and are oper-
able to monitor inputs from sensing devices and other net-
worked control modules, and execute control and diagnostic
routines to control operation of actuators. Routines may be
executed at regular intervals, example each 100 microsec-
onds, 3.125,6.25,12.5, 25 and 100 milliseconds during ongo-
ing engine and vehicle operation. Alternatively, routines may
be executed in response to occurrence of an event.

FIG. 2 schematically an exemplary torque monitoring con-
trol routine 11 for controlling and monitoring operation of the
multi-mode powertrain system 20 of FIG. 1. The torque
monitoring control routine 11 includes a torque control
scheme 111 that executes in parallel with a torque monitoring
scheme 120. The torque control scheme 111 generates a plu-
rality of torque commands 115 for controlling operation of
the torque machines 35 and 36 and the engine 40 in response
to a plurality of monitored control and operating parameters
103 and reference parameters 105. The torque monitoring
scheme 120 executes in parallel with the torque control
scheme 111 to veritfy that the plurality of torque commands
115 generated by the torque control scheme 111 are respon-
sive to the monitored control and operating parameters 103
and reference parameters 105, or alternatively, that there is a
fault in the torque monitoring control routine 11 that may
cause a deviation in the plurality of torque commands 115
generated by the torque control scheme 111 that may lead to
unintended vehicle motion. A fault in the torque monitoring
control routine 11 can be related to a fault in the torque control
scheme 111 and/or a fault in the torque monitoring scheme
120.

Inputs to the torque monitoring control routine 11 include
monitored control and operating parameters 103 associated
with operation of the powertrain system 20 and reference
parameters 105. The control and operating parameters 103
preferably include vehicle operator commands for torque and
speed, operating states of the powertrain system including
electric motor and engine speeds and torques, and others. The
reference parameters 105 include battery power limitations
and others.

The torque control scheme 111 generates the torque com-
mands 115 in response to the monitored control and operating
parameters 103 and reference parameters 105 employing
known routines that balance engine and torque machine fac-
tors that are related to torque capabilities, power consump-
tions, efficiencies, response times and other considerations.
The torque monitoring scheme 120 includes control routines
121 that are analogous to the control routines of the torque
control scheme 111 to determine a plurality of verification
torque commands 125. The control routines 121 may be
located and executed in another controller, or are otherwise
physically and electronically separated from the control rou-
tines of the torque control scheme 111.

A comparator routine 127 compares the torque commands
115 and the verification torque commands 125 to evaluate or
otherwise assess conformance therebetween. The comparator
routine 127 determines that there is conformance between the
torque commands 115 and the verification torque commands
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125 when a difference between the torque commands 115 and
the verification torque commands 125 is less than a predeter-
mined threshold difference. When there is conformance, the
torque commands 115 are implemented with no further
action.

When there is no conformance, the comparator routine 127
generates a torque command variance 128. The torque com-
mand variance 128 indicates that there is a possibility of
unintended vehicle motion that results in an unexpected
vehicle acceleration that is greater than a threshold accelera-
tion, e.g., an acceleration greater than 0.2 g. The torque com-
mand variance 128 can be attributed to a fault associated with
the torque control scheme 111 requiring system remediation
that includes a system shutdown 140 removing propulsion
torque from the driveline. Alternatively, the torque command
variance 128 can be attributed to a fault associated with the
torque monitoring scheme 120 requiring system remediation
that includes powertrain operation to reduce the propulsion
torque to the driveline 150. An unintended motion detection
control routine (UMD control routine) 130 can be employed
to evaluate the torque command variance 128. The UMD
control routine 130 decides whether the torque command
variance 128 can be attributed to a fault associated with the
torque control scheme 111 requiring system remediation that
includes a system shutdown 140 to remove propulsion torque
from the driveline, or alternatively, a determination that the
torque command variance 128 can be attributed to a fault
associated with the torque monitoring scheme 120 requiring
system remediation that includes powertrain operation to
reduce the propulsion torque to the driveline 150.

FIG. 3 schematically shows an exemplary unintended
motion detection control routine (UMD control routine) 200
that employs motion detection logic to detect unintended
vehicle motion, including safety-critical unintended vehicle
motion. The detection of unintended vehicle motion can be
employed to determine whether a torque command variance
requires system remediation including a powertrain system
shutdown removing propulsion torque from the drivelineor a
system remediation including powertrain system operation in
a reduced performance mode to reduce the propulsion torque
to the driveline. The motion detection logic for detecting
unintended vehicle motion accounts for disturbances coming
from vehicle operation conditions that affect vehicle motion.
Vehicle acceleration can be derived from a vehicle dynamics
equation as follows:

dv p 5 . (1]
F=m:-—+=-Cp-Ay-v"+y-m-g-cos+m-g-sind
dr 2
wherein
dv
T

is vehicle acceleration,

4 2
Eoch A
3 “pAry

is aeroaynamic drag,
wm-g-cos 6 is rolling resistance,
m-g-sin 0 is gravity resistance,
m is vehicle mass,
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v is vehicle velocity,

p is air density,

C, is drag coefficient,

Ais vehicle frontal area,

u is rolling friction coefficient,

g is the acceleration constant, and

0 is road slope.

The vehicle acceleration is determined in accordance with
the following relationship which is a rearrangement of EQ.

[1].

dv F 1,p > i 2]
as—-=— —Z(E-CD-AJ:-V +/,c-m-g-cos€+m-g-sm0)

s . . .
When axle torque T,,,.=F*r,,,., wherein r,,,, is a dynamic
tire radius, EQ. 2 can be rewritten as follows.

dv_
dr ~

B3]

Toaxte
m:Feire

a=

P 2 ;
(L .Cp Ar VP +u-g-cosO+ g-sind
( prAf Vi +u-g-cos gsm)

The actual acceleration a,,,,,; and the intended accelera-
tion a,,,,,,, ;. an be expressed as follows utilizing using EQ.
3.

T. 4
Aactual = axle_get _ (i -Cp-Ag- v? +/,c-g-cos€+g-sin0) 4]
M-t 2m
Taxte i 5
aimended:%—(%'CD'Af'V2+ﬂ-g-0080+g-sin0) B
tire
wherein T, ;. .., is an actual axle torque, which can be

either directly measured or otherwise determined, and
T prze_ine 15 an intended axle torque, which is directly
related to the operator torque request.

Thus, an unintended acceleration can be expressed as a
difference between the actual acceleration a,_,,,; (EQ. [4])
and the intended acceleration a,,,,,,, .., (EQ. [5]), when the
actual acceleration a,_,,,, and the intended acceleration
A, rondeq Ar€ reliably estimated as follows.

[6]

Qunintended =

T .
axle_int —(%-CD-Af-vz+/,c-g-cos@+g-sin0)]

Qactual — [
m:Fire

Vehicle acceleration can be estimated from the vehicle
dynamics only when the operating conditions shown in EQS.
[4], [5] and [6] are accurately monitored. However, estimat-
ing operating conditions of vehicle mass and velocity, road
slope and surface type, and weather conditions requires algo-
rithm development and use of on-vehicle measurement
devices that are impractical.

Instead, a change in the unintended acceleration
8, romdeq Within a short time period can be determined and
used to detect unintended motion when the change in the
unintended acceleration da,,,,,,,,.,,4. €Xceeds a predetermined
threshold, in accordance with the following relationship.

da

unintended~Oactual Mintended [7]

where da=a(t,)-a(t,), dt=t,—-t,<<1 second
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Thus, when the actual acceleration a,,_,,,; is reliably esti-
mated or otherwise determined and the intended axle
torque(s) is known, the change in unintended acceleration
within the short time period can be found in accordance with
the following relationship.

8]

actual™ QactualtW

wherein a,_.,,,,; is estimated actual acceleration and

W is an estimation or measurement error.

Thus, the following can be calculated during ongoing
vehicle operation.

Sgcrual = Gactuat (12) = Aacral (1)

SCirrotod = Qi ded(T1)

et(12) — 0

Taxte_ime(01)
mAty) - Frire

( o)
2m(1)

intended (11) =

“Cp-As - v(1)? + () - g -cost(ty) + g -sinfry ))

Taxte_im(12)
Qintended (12) = ) e
tire
( o)
2m(ty)

“Cp-Ap vt + (D) g - costi(ny) + g sin@(tz))

The operating conditions are substantially unchanged over
the short time period in which each determination of the
change in the unintended acceleration da,,,,,,,.,4. 1S calcu-
lated (8t=t,-t,<<1.0 sec). The operating conditions are con-
sidered substantially unchanged in that the magnitude of
change occurring in the vehicle operating conditions during
the short time period have a de minimis effect upon the
calculations of the intended accelerations a,,,,.,,...At;) and
A, ronded L), and thus the operating conditions have a de mini-
mis effect upon the calculation of the change in the intended
acceleration 0a,,,,.,, 4.4 L his permits cancellation of the terms
that are associated with the operating conditions in EQ. 9,
allowing EQ. 9 to be rewritten as follows in EQ. 10 to permit
determining a change in the intended acceleration 0a,,,,.,,;.+
based upon the a change in the intended axle torque T ,;, ,,.»
which is directly related to the operator torque request.

(o]

SCintended = i

fea(2) =~ Ginndea (1) =

Taxte im(©2)  Taxte in (1) Taxte_int (12) = Taxte_im (1)

ML) Frire W01 Frire ML) Fiire

Thus the change in unintended acceleration over a short
time period can be determined in accordance with the follow-
ing relationships.

(1]

Synintended = OOacrual — Ointended

Oaqctual — OCintended =

. . 1
(Qactuoi () = Bacnat(11)] = [Tt _ins (12) = Tt _ins(11)]

tire

The intended axle torques and the estimated actual accel-
erations are parameters that are available in the controller.

EQ. 11 indicates the magnitude of the change in unin-
tended acceleration within a short time window, e.g., less than
200 ms. In one embodiment, the change in unintended accel-
eration is calculated during each 6.25 ms time loop. The
change in unintended acceleration can be employed to dis-
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criminate between a remediation action requiring a system
shutdown to remove propulsion torque from the driveline and
a remediation action requiring reduced performance to
reduce propulsion torque to the driveline. Such discriminat-
ing action reduces the likelihood a system shutdown and a
walk-home event in response to a detection of a fault that does
not affect vehicle motion.

The UMD control routine 200 is executed to monitor
operation of a multi-mode powertrain system employed on a
vehicle, including, e.g., the powertrain system 100 described
with reference to FIG. 1. The UMD control routine 200 peri-
odically executes during ongoing vehicle operation as part of
torque monitoring. Table 1 is provided as a key to FIG. 3
wherein the numerically labeled blocks and the correspond-
ing functions are set forth as follows.

TABLE 1

BLOCK BLOCK CONTENTS

202 Start

204  Estimate intended acceleration

206 Motion detection logic—determine change in the unintended
acceleration 8a,,,;,, ngeq

208 Filter

210 Is change in the unintended acceleration 8a,,,;,;zng04 > critical
threshold?

212 Is a torque security fault detected?

214 Istorque security fault from torque control scheme?

216 Is change in the unintended acceleration 8a,,,, erdeq
significant?

240 Execute system shutdown

250 Operate powertrain in reduced performance mode

260 End

Vehicle acceleration is proportional to system torque,
which can be controlled to achieve an operator torque request.
Hence, intended acceleration is proportional to the operator
torque request. Unintended motion is defined as vehicle
acceleration that significantly deviates from intended accel-
eration. There are several valid, non-fault-related, non-safety
critical reasons why actual acceleration may not correlate to
acceleration associated with the operator torque request,
including, e.g., actuator lags, engine intake manifold fill
times, motor torque capability, battery power limitations, der-
ated motor operation, and other similar operating consider-
ations. However, unintended motion that is less than the
intended vehicle acceleration is not critical in the context of
this disclosure.

During each iteration of the UMD control routine 200
(202), the intended acceleration is estimated (204). The
operator torque request is determined in another control rou-
tine based upon inputs from the human/machine interface
devices through which the vehicle operator commands and
controls operation of the vehicle. Vehicle acceleration can be
estimated using known control routines based upon moni-
tored inputs, including, e.g., the rotational speed of the
vehicle speed sensor. In order to simplify the correlation, the
signals of the operator torque request and the estimated accel-
eration can be converted into the acceleration domain. The
estimated vehicle acceleration a,,;,, .., can be in proportion
to the vehicle acceleration as indicated by the monitored
output of the transmission, and determined in accordance
with the following equation.

27 -r(m)
9.81-60-FDR

2]

Qestimated (§) = - TOS(rpmy/s)
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wherein

FDR is the final drive ratio of the vehicle,

r is tire radius,

m is vehicle mass, and

TOS is the estimated output acceleration, e.g., as measured

at the axle.

The intended acceleration a,, ..., can be determined in
relation to the operator torque request To using EQ. 5,
shown again in part as follows.

request’

Toyeques - FDR
9.81-m(kg) - r(m)

13
Qintended () = 3

wherein

FDR is the final drive ratio of the vehicle,

r is tire radius,

m is vehicle mass, and

9.81 is the acceleration constant g.

The change in unintended acceleration da,,,,,,,,.,.4.415 deter-
mined using a control subroutine that implements motion
detection logic employing the relationships described with
reference to EQs. 1 through 11 including the estimated
vehicle acceleration a,,,, .., and the intended acceleration
A, ondeq determined as described with reference to EQs. 12
and 13 (206).

The change in unintended acceleration da,, ., 4. 15 sub-
jected to filtering, including, e.g., generating a figure of merit
(208), after which the change in unintended acceleration
da,,,.,. endeq 18 cOmpared to a critical acceleration threshold,
which is a magnitude of unintended acceleration that is
immediately discernible by the vehicle operator, e.g., greater
than 0.5 g of acceleration (210). When the magnitude of the
change in unintended acceleration da,,,,,,,.,,z.; 1S greater than
the critical acceleration threshold (210)(1), propulsion torque
being generated by the powertrain system is immediately
removed from the vehicle drive axles and/or drive wheels of
the driveline (240). Removing propulsion torque can include
commanding and executing a system shutdown to deactivate
the torque-generative devices including, e.g., opening a high-
voltage switch on the high-voltage electrical power bus and
opening clutches in the transmission. When the magnitude of
the change in unintended acceleration 0a,,,,;,,,.,.4. 15 less than
the critical acceleration threshold (210)(0), it is determined
whether a security fault has been detected (212). Detecting a
security fault includes detecting a fault in hardware devices
and/or embedded software that can be caused, by way of
example, by a fault in an ALU (arithmetic logic unit), RAM/
ROM corruption, software faults such as an index overflow, or
another fault. When no security fault has been detected (212)
(0), this iteration of the UMD control routine 200 ends (260)
with no further action.

When a security fault has been detected (212)(1), it is
determined whether the security fault originates from the
torque control scheme or the torque monitoring scheme
(214). When the security fault originates from the torque
control scheme (214)(1), the system shutdown is immediately
commanded to remove propulsion torque from the driveline
(240). The torque control scheme includes elements of hard-
ware, control routines, calibrations and the like that are
employed in commanding and controlling torque in the pow-
ertrain system. The torque monitoring scheme includes ele-
ments of hardware, control routines, calibrations and the like
that are employed in monitoring torque output in the power-
train system.
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When the security fault does not originate from the torque
control scheme (214)(0), it is determined whether the change
in unintended acceleration da,,,,,,,...4.; 15 greater than a sig-
nificant threshold, e.g., 0.2 g of acceleration (216), and if so
(216)(1), the system shutdown is immediately commanded to
remove propulsion torque from the driveline (240). When the
change in unintended acceleration da,,,,,,,.,,4. 15 less than the
significant threshold (216)(0), the powertrain is operated in a
reduced performance mode to limit the propulsion torque to
the driveline (250) and this iteration of the UMD control
routine 200 ends (260). Operating the powertrain system in
the reduced performance mode to limit the propulsion torque
to the driveline (250) includes control routines and calibra-
tions that can be employed to derate torque outputs from the
torque machines and the engine to limit powertrain system
torque.

FIG. 4 graphically shows operation of a vehicle employing
a control scheme to detect unintended vehicle motion. Moni-
tored parameters include an intended acceleration 402, an
actual measured acceleration 404, and an unintended accel-
eration 406, plotted in relation to time, which is shown on the
horizontal axis. Fault detection 411 and unintended motion
detection 413 are also shown.

Prior to time 410, no fault is detected, and normal vehicle
operation 420 is commanded. At time 410, a system fault is
detected as indicated by fault detection 411, but no unin-
tended vehicle motion is detected. Thus vehicle operation
includes operating in the reduced performance mode 422.
Vehicle operation is unaffected, but a malfunction indicator
lamp on the vehicle instrument panel may be illuminated. At
time 412, the actual acceleration 404 deviates from the
intended acceleration 402 by an amount greater than the
threshold, resulting in detection of unintended vehicle motion
413 leading to command to shutdown system operation 424 to
remove propulsion torque from the driveline.

The disclosure has described certain preferred embodi-
ments and modifications thereto. Further modifications and
alterations may occur to others upon reading and understand-
ing the specification. Therefore, it is intended that the disclo-
sure not be limited to the particular embodiment(s) disclosed
as the best mode contemplated for carrying out this disclo-
sure, but that the disclosure will include all embodiments
falling within the scope of the appended claims.

The invention claimed is:

1. A method for controlling a powertrain system configured
to transfer propulsion torque to a driveline of a vehicle, com-
prising:

determining a magnitude of unintended vehicle motion

based upon a difference between a change in actual
vehicle acceleration and a change in operator-intended
vehicle acceleration; and

limiting propulsion torque to the driveline when a fault

associated with unintended vehicle motion is detected
and the magnitude of unintended vehicle motion is less
than a predetermined first threshold.

2. The method of claim 1, wherein the change in the actual
vehicle acceleration is determined in relation to monitored
vehicle motion.

3. The method of claim 1, wherein the change in the opera-
tor-intended vehicle acceleration is determined based upon
an operator torque request.

4. The method of claim 1, wherein determining the mag-
nitude of unintended vehicle motion comprises determining
the magnitude of unintended vehicle motion in accordance
with the following relationship:
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Cactual = OCintended =

. R 1
[Gactuat(B2) = acnuat(01)] = ———Taxte_imt (02) — Taxte_in: (11)]
m:Feire

wherein
da
da

; 1s the change in the actual vehicle acceleration,

actua
mrendea 15 the change in the intended vehicle accelera-

tion,
a,.maty) 1s an estimated actual acceleration at time t,,
a,.ats) 1s estimated actual acceleration at time t,,

T ie_1,) 1s an operator-intended vehicle acceleration
at time t,,

T e _imdt:) 18 an operator-intended vehicle acceleration
attimet,,

m is vehicle mass,

T,

tire

is a dynamic tire radius,
t, is a time at the beginning of a time period, and
t, is a time at the end of the time period.

5. The method of claim 4, wherein the time period com-
prises a period of time wherein magnitudes of changes in
vehicle operating conditions have a de minimis effect upon

the change in the intended acceleration da,,,,, ;. ;-

6. The method of claim 1, further comprising removing
propulsion torque from the driveline when the magnitude of
unintended vehicle motion is greater than a predetermined
second threshold that is greater than the predetermined first
threshold.

7. The method of claim 1, further comprising removing
propulsion torque from the driveline when the fault associ-
ated with unintended vehicle motion comprises a fault origi-
nating from a torque control scheme.

8. The method of claim 1, further comprising removing
propulsion torque from the driveline when the fault associ-
ated with unintended vehicle motion comprises a fault origi-
nating from a torque monitoring scheme and the magnitude of
unintended vehicle motion is greater than the predetermined
first threshold.

9. A method for controlling a powertrain system configured
to transfer propulsion torque to a driveline of a vehicle, com-
prising:

determining a magnitude of unintended vehicle motion for

atime period based upon a difference between a change
in actual vehicle acceleration and a change in operator-
intended vehicle acceleration; and

operating the powertrain system to limit propulsion torque
to the driveline when a fault associated with unintended
vehicle motion is detected and the magnitude of unin-
tended vehicle motion for the time period is less than a
predetermined first threshold.

10. The method of claim 9, wherein the change in the actual
vehicle acceleration is determined based upon monitored
vehicle motion for the time period.

11. The method of claim 9, wherein the change in the
operator-intended vehicle acceleration is determined based
upon an operator torque request for the time period.

12. The method of claim 9, wherein determining the mag-
nitude of unintended vehicle motion comprises determining
the magnitude of unintended vehicle motion in accordance
with the following relationship:
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CGactual = OCintended =

. R 1
[Gcruat(B2) = acnuat(t1)] = ———Taxte_imt (t2) — Taxte_in (11)]
m: Ve

wherein
02,7 15 the change in the actual vehicle acceleration,
0a,,,;0nq0q 18 the change in the intended vehicle accelera-

tion,

8,0ma1y) 1s an estimated actual acceleration at time t,,

8,.mal1>) 1s estimated actual acceleration at time t,,

T ie_ie1;) s an operator-intended vehicle acceleration
at time t,,

T ze_ine(t>) 15 an operator-intended vehicle acceleration
attime t;,

m is vehicle mass,

1, 1s a dynamic tire radius,

t, is a time at the beginning of the time period, and

t, is a time at the end of the time period.

13. The method of claim 12, wherein the time period is less
than 200 milliseconds.

14. The method of claim 9, further comprising removing
propulsion torque from the driveline when the magnitude of
unintended vehicle motion is greater than a predetermined
second threshold that is greater than the predetermined first
threshold.

15. The method of claim 14, further comprising removing
propulsion torque from the driveline when the fault associ-
ated with unintended vehicle motion comprises a fault origi-
nating from a torque control scheme.

16. The method of claim 15, further comprising removing
propulsion torque from the driveline when the fault associ-
ated with unintended vehicle motion comprises a fault origi-
nating from a torque monitoring scheme and the magnitude of
unintended vehicle motion is greater than the predetermined
first threshold.

17. A method for controlling a powertrain system employ-
ing a plurality of torque-generative devices to transfer pro-
pulsion torque to a driveline of a vehicle, comprising:

determining a magnitude of unintended vehicle motion for

atime period based upon a difference between a change
in actual vehicle acceleration and a change in operator-
intended vehicle acceleration; and

operating the powertrain system to limit transfer of propul-

sion torque to the driveline when a fault associated with
unintended vehicle motion is detected and the magni-
tude of unintended vehicle motion for the time period is
less than a predetermined first threshold.

18. The method of claim 17, wherein determining the mag-
nitude of unintended vehicle motion comprises determining
the magnitude of unintended vehicle motion in accordance
with the following relationship:

SGgcrual — Ointended =

. N 1
[Gcruat(B2) = acnuat(t1)] = ————Taxte_imt (t2) — Taxte_in: (11)]
m-FViire

wherein
da,,_,,.; 15 the change in the actual vehicle acceleration,
0a,,,;0nq0q 18 the change in the intended vehicle accelera-
tion,
8,0ma1y) 1s an estimated actual acceleration at time t,,
8,.mal1>) 1s estimated actual acceleration at time t,,
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T ze_indty) 1s an operator-intended vehicle acceleration
attimet,,

T rie_imd12) is an operator-intended vehicle acceleration
at time t,,

m is vehicle mass, 5

I, 1s a dynamic tire radius,

t, is a time at the beginning of the time period, and

t, is a time at the end of the time period.

19. The method of claim 17, wherein operating the power-
train system to limit transfer of propulsion torque to the 10
driveline comprises derating torque outputs of the torque-
generative devices.
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